neurosurgical focus
images were reviewed. We measured outcomes using preand postoperative Cobb angle, visual analog scale (VAS), 36-Item Short Form Health Survey (SF-36), and Oswestry Disability Index (ODI) scores. Approval for this study was obtained from the institutional review boards of the University of Miami Miller School of Medicine and the University of Washington School of Medicine. In Tables  1-3 , means are presented as the mean ± SD.
results patient characteristics
A total of 20 endoscopic foraminotomies were performed in a cohort of 16 patients consisting of 7 men and 9 women (Tables 1-3 ). The average age in our cohort was 70.0 ± 15.5 years (mean ± SD, range 61-86 years) and the mean follow-up period was 7.5 ± 5.3 months (range 2-14 months). The majority of patients (75%) had a single-level foraminotomy, whereas the rest (25%) received 2-level foraminotomies. Procedures were most commonly performed at the L4-5 level (55%), followed by the L5-S1 (20%), L3-4 (10%), L2-3 (10%), and L1-2 (5%) levels ( Figs. 1-3 ).
radiological outcome
Preoperatively, baseline radiographic parameters such as coronal Cobb angle, lumbar lordosis (LL), pelvic incidence (PI), pelvic tilt (PT), and sagittal balance were measured in all patients. The mean coronal angle of the main curve was 16.8° ± 4.7° (range 10°-41°), whereas the mean coronal segmental angle was 7.7° ± 4.8° (range 1°-14°). Meanwhile the mean LL angle was 36.5° ± 13.7° (range 20°-57°). The PI was 48.7° ± 12.9°, and the PT was 23.0° ± 7.6°. Last, the sacral slope was 32.5° ± 15.6°. The sagittal balance was on average 51.4° and less than 5 cm in all patients included in the current cohort. There were no significant changes observed in terms of postoperative sagittal and coronal alignment parameters. The Scoliosis Research Society-Schwab adult deformity classification 18 showed no major coronal deformity, except 1 lumbar curve of more than 30°. The other results were as follows: PI -LL findings of 0 (< 10°, n = 9), + (10°-20°, n = 7), and ++ (> 20°, n = 4); PT findings of 0 (< 20°, n = 13), + (20°-30°, n = 5), and ++ (> 30°, n = 2); and sagittal vertical axis (SVA) findings of 0 (< 4 cm, n = 6) and + (4 cm-9.5 cm, n = 14).
Functional outcome
All our patients were discharged home on the day of surgery, and no intraoperative, perioperative, or immediate postoperative complications were encountered. There were no readmissions in the first 90-day period, except for 1 patient who had disc herniation adjacent to the index level. Several outcome measures were used to assess improvement in symptoms and quality of life. Significant pain improvement for both low-back and leg pain was observed. There was significant reduction of VAS by 50% (p = 0.026) for the low-back pain symptom. Whereas, dramatic reduction of VAS by 65% (p = 0.003) was observed in radicular leg pain. Meanwhile, as for quality of life measures, ODI seem to be reduced by 32% after surgery, whereas the SF-36 mental component summary (MCS) was increased by 3% (p = 0.669), although neither parameter reached statistical significance. However, interestingly, the SF-36 physical component summary (PCS) was decreased by 10% (p = 0.209).
complications or Adverse outcome
All patients were neurologically stable after the endoscopic procedure. Most patients had transient numbness or weakness that resolved within 12 weeks following the procedure. This is probably due to the proximity of the procedure to a dorsal root ganglion. Motor weakness was noted in 1 patient, which could have been from the disc being very proximal to the nerve root. One patient had CSF leakage at the axilla of the nerve root. He had undergone a previous microdiscectomy in another hospital and the symptoms had resolved. He suffered a car accident and recurrence of disc herniation 1 week later. He underwent endoscopic discectomy but presented to the emergency room 2 weeks later with positional headaches and fluid collection at the site of surgery. On exploration of the original microdiscectomy incision, he was noted to have a CSF leak at the axilla of the nerve root, which was primarily repaired. It is unclear if the incidental durotomy happened at the time of the first microdiscectomy or during the endoscopic procedure. Another patient was an amputee below the knee, and due to the severity of the disc herniation he underwent right-sided L3-4 discectomy due to his approximate distribution of pain. The plan was to reschedule him 1 week later if the symptoms did not resolve because he also had a smaller disc on the right L4-5 level.
discussion
Life expectancy in the US, as noted by the Centers for Disease Control in 2012, is almost 79 years, and has been increasing (https://www.census.gov/prod/2010pubs/ p25-1138.pdf). It is estimated that by the year 2050, there will be 88 million people older than 65 years in the US (https://www.census.gov/population/projections/files/ analytical-document09.pdf). Given that the incidence of spine surgery is higher in patients older than 65 years compared with younger individuals, 23 it is not surprising that the number of patients undergoing spine surgeries has been increasing. 16 Longer life expectancy correlates with increased incidence of additional spine surgery due to adjacent-level breakdown, iatrogenic instability, infection, and other postoperative complications. 6 Every "redo" spine surgery in itself is quite complicated, and more so when it is performed in the elderly population. 20 Addressing the entire spine as a single unit enables the surgeon to plan the possible future procedures with minimal complications.
13,25
Endoscopic discectomy enables the preservation of all the essential structures with minimal complications, although there is a steep learning curve for beginners.
10,11 Several papers show that the results are comparable to open or tube microdiscectomy, 2, 8 including in the elderly population.
11
The approach itself does not interfere with the traditional deformity exposure and minimizes dural scar and complications related to revision surgeries. In addition, the transforaminal approach avoids scar tissue caused by previous traditional discectomies performed via an interlaminar corridor. 21 We perform these endoscopic discectomies in awake patients, which reduces the perioperative morbidity of intubation as well as anesthesia complications.
1,2
It is not uncommon to see patients with deformity who present in clinic for radicular pain due to foraminal stenosis that is caused by compression of the nerve root on the concave side of the curve as a result of disc herniation, ligament hypertrophy, and facet hypertrophy. These same patients have tolerable levels of back pain from deformity. The management of focal radicular pain in deformity is a matter of debate. 4 Several studies have proposed microdiscectomy, 26 minimally invasive shaving system, 7 lateral lumbar interbody fusion, 4 and full deformity surgery. If 1-level fusion is proposed, the surgeon has to make sure that this level is not fused in an abnormal position, interfering so as to worsen the curve or make future deformity management harder. The cohort included in the current study includes patients who underwent endoscopic surgery for foraminal stenosis with concomitant presence of coronal deformity of 10° or more. The goal of our surgery was to alleviate the radicular leg pain, which improved by 65% on the ODI. Our SF-36 scores were quite high in the beginning, which may be the reason for minimal improvement. These measures of quality of life did not reach statistical significance due to the small number of patients included and the short follow-up period. During the follow-up (8-13 months), 87.5% of the patients had complete resolution of radicular leg pain, and the majority continued to do better, with tolerable levels of back pain from their deformity. Given the short follow-up in this early report, the durability of these preliminary results will require further investigation with longer follow-up and large series of patients.
Surgical indications in patients with adult deformity is mainly to alleviate the pain, halt the curve progression, and improve neurological deficit. 12 The goal of the surgery is to restore balance and improve lifestyle.
14,17,24 Adult deformity surgery in itself is quite a morbidity-producing surgery. 9 In a recent publication O'Neill et al. revealed that among 120 patients who underwent deformity surgery, there were major surgical complications in 27% of them and 25% had reoperations. Most of the patients had undergone previous spine surgeries, and not only were the complications high in these patients but also patient satisfaction was low, as noted in the ODI and SF-36 scores. Another study, by Ayhan et al., also revealed that in 121 patients who underwent adult deformity correction, a total of 114 complications (59 major, 55 minor) and 1 death were noted.
5 At Level II evidence there is significant quality of life improvement, 20 and with complications, the final outcome of radiological correction did not change.
19 So unless there are strong indications to undertake deformity correction surgery, smaller procedures aiming to provide symptomatic relief from radicular pain may be worth considering.
conclusions
Endoscopic foraminotomy may be a feasible treatment option for select patients with a moderate coronal deformity who have isolated unilateral radicular pain. The highly targeted nature of endoscopic foraminotomies may partially avoid exacerbation of a deformity from iatrogenic destabilization, which can be a sequela of traditional open laminectomy or discectomy surgeries. Endoscopic procedures may be performed as awake surgeries, with minimal disruption of the critical biomechanical structures in the lumbar spine. Further studies to better define ideal surgical candidates as well as to investigate the durability of symptomatic relief are needed. Meanwhile we will continue to follow up these patients over several more months and intend to publish longer outcomes in 2 years.
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